Estimation of the relative contribution of the transcellular and paracellular pathway to the transport of passively absorbed drugs in the Caco-2 cell culture model.
The objective of this investigation was to determine, using the Caco-2 cell culture model, the extent to which the paracellular and transcellular routes contributed to the transport of passively absorbed drugs. An effort was also made to determine the controlling factors in this process. We selected a heterologous series of drugs with varying physicochemical parameters for the investigation. Effective permeability coefficients of the model drugs (naproxen, phenytoin, salicylic acid, chlorothiazide, furosemide, propranolol, diltiazem, ephedrine, and cimetidine), at pH 7.2 and pH 5.4, were estimated using confluent monolayers of Caco-2 cells. The biophysical model approach, based on molecular size restricted diffusion within an electrostatic field of force, used by Adson et al. (1,2), was employed to estimate the permeability coefficients of the ionized and unionized forms of the drugs for the paracellular and transcellular route. The permeability coefficients of the acidic drugs was greater at pH 5.4, whereas that of the basic drugs was greater at pH 7.2 and the transcellular pathway was the favored pathway for most drugs, probably due to its larger accessible surface area. The paracellular permeability of the drugs was size and charge dependent. The permeability of the drugs through the tight junctions decreased with increasing molecular size. Further, the pathway also appeared to be cation-selective, with the positively charged cations of weak bases permeating the aqueous pores of the paracellular pathway at a faster rate than the negatively charged anions of weak acids. Thus, the extent to which the paracellular and transcellular routes are utilized in drug transport is influenced by the fraction of ionized and unionized species (which in turn depends upon the pKa of the drug and the pH of the solution), the intrinsic partition coefficient of the drug, the size of the molecule and its charge.